Abstract: Proverbs can be regarded as pithy axioms of traditional ecological knowledge (TEK), which can be useful for sustainability education. By using an exploratory sequential mixed method, we analyzed TEK and ecoliteracy components embedded in rain-and tree-related Korean traditional proverbs, and further conducted a survey of university students to gauge their knowledge of the proverbs and draw correlations with their ecoliteracy. We classified 173 rain-and 117 tree-related traditional Korean proverbs and found that most of these were related to factual observations, such as ecological characteristics of tree species and the prediction of rainfall, which indicated people's understanding of ecological processes and patterns. We also found that students tended to provide correct answers for questions related to TEK-based worldviews, ethics and values, which are important components of ecoliteracy, thereby indicating the usefulness of proverbs in delivering TEK-based worldviews, ethics, and values. Overall, our study reasons that the learning of TEK-related traditional proverbs can be meaningful for enhancing ecoliteracy among urban youth, particularly when this learning is complemented with field-based observational learning within integrated approaches for sustainability education.
Introduction
An integral aspect of sustainability is "the need to place (the) understanding of environmental concerns within a social, economic, and political context" [1] . For raising socio-cultural awareness of modern environmental challenges, "ecological literacy" or "ecoliteracy" is gaining prominence within pedagogical, ecological, and political discourses as an effective approach [2] [3] [4] [5] [6] [7] [8] [9] . In this regard, ecologists and environmentalists are developing various methods and experiments for enhancing ecoliteracy [4] , including through human-centered and place-based modes [10] , practices based on large public datasets [11] , service learning and citizen science [6] , political tactics [2] , and technological methods [12] .
Ecological awareness has also been inherent to human societies since their inception, as humans have intrinsically depended on the resources and services of their immediate ecosystems [2, 13] . Traditional or pre-industrialized societies developed a comprehensive knowledge of natural resources Sustainability 2017, 9, 1182 2 of 16 management and refined it over generations in response to social-ecological challenges and human needs. Cultural and ecological scientists recognize the accumulated ecological knowledge, practices, and beliefs held by traditional communities, and transmitted inter-generationally through proverbs, songs, folklore, stories, and myths, as "traditional ecological knowledge" (TEK) [14] [15] [16] . In our study, we adhere to the comprehensive definition of ecoliteracy as the ability of individuals to identify names, uses, and related stories of living organisms and natural phenomena in their local ecosystems based on their TEK [2, 13] . This also relates to an individual's scientific habits of mind in relation to ecological issues, and the appreciation for ecological connectivity and social-ecological linkages [3] . Based on this definition, it is clear that the oral transfer of TEK has a pivotal role in perpetuating ecoliteracy and sustainable resource management practices over generations [2, 13] .
The transfer of TEK through cultural means, however, is being weakened by various modern processes: urbanization, dissolution of traditional societies, the Westernization of learning systems, and the commodification of natural resources [2] . To attain widespread ecoliteracy, ecologists require innovative, public-friendly approaches that can maintain and apply traditional ecological wisdom within cultural contexts [3, 4, 10, 13] . Traditional proverbs are an oral medium of TEK transfer, which can be an easily comprehensible and culturally friendly means for inculcating ecoliteracy among modern citizens, particularly among urban residents. Literary research on proverbs has shown that they serve not only as valuable repositories of folk wisdom that provide "succinct descriptions of events" and describe societal "concerns with morality" [17] , but also as representations of the worldviews of communities embedded within their natural resource systems [18] . In addition, proverbs contain the knowledge, concerns, ethics, and spirituality of local communities, which can be reflected and integrated in local conservation initiatives [18] .
Therefore, we hypothesize that proverbs can serve as pithy axioms of TEK and can be a useful medium for sustainability education. What is needed then is an inquiry into the TEK-related and ecoliteracy components inherent in proverbs, and analysis of their efficacy in communicating ecological wisdom within integrated educational approaches.
Thus, this study first examined what types of knowledge and wisdom are embedded in traditional proverbs. Subsequently, we gauged students' knowledge of the proverbs and analyzed possible factors that might affect their knowledge of TEK-related proverbs. To these ends, we used exploratory sequential mixed methods and conducted the analysis in two phases. In the first phase, we qualitatively examined Korean traditional proverbs for their embedded TEK-related and ecoliteracy-related contents. In the second, quantitative phase, we conducted a survey of university students to identify the factors related to their ecoliteracy and to determine correlations with their knowledge of proverbs. Through this study, we hope to suggest a novel way of using common repositories of folk wisdom, such as TEK-related proverbs, for cultivating ecoliteracy by facilitating a greater comprehension of the social-ecological dimensions of living.
Materials and Methods
We adapted an exploratory sequential methodological framework proposed by Creswell and Clark [19] to examine proverbs and gain understanding on the factors correlated with students' knowledge of proverbs in two phases. In the first phase, we used a qualitative, directed content analysis method to explore TEK-related and ecoliteracy-related contents in traditional Korean proverbs. In the subsequent, quantitative phase, we surveyed 70 university students at Seoul National University in South Korea to explore the possible factors that influence the ecoliteracy of urban youth as indicated by their TEK-related knowledge. The quantitative phase of the study was supplementary, in that it helped to understand students' ecological knowledge and different experiences in relation to proverbs, thereby examining the usefulness of proverbs in enhancing ecoliteracy in educational settings in South Korea. In our Supplementary Materials, we also provided both Korean and English translations for the proverbs mentioned in this paper. 
Collection of Rain-and Tree-Related Proverbs
As in other industrialized nations, pre-industrial South Korea was predominantly agricultural. Koreans depended on their natural environment and developed well-adapted methods for natural resources management, as illustrated in the traditional Korean proverb, "Farmers are fundamental to the world." Korean traditional societies established complex agroforestry systems within watersheds, so as to use the watershed boundaries to optimally harvest rainwater and prevent excess wind and overflow of water. Several pioneering studies of Korean TEK, as presented in the multi-volume Korean Traditional Ecology [20, 21] , have discussed the importance of Korean traditional water harvesting and agroforestry practices to the sustainability of Korean societies. Studies have also shown that Koreans developed their TEK in relation to rainwater management at various scales from individual households to watersheds [22, 23] . This TEK is receiving much scientific attention, as the frequency of severe drought in Korea has been increasing in recent years [22, 24, 25] . Furthermore, several Korean TEK-related studies have discussed the use of trees in traditional village landscape management, such as the various social-ecological functions of cultivated village groves [26] [27] [28] . Hence, it can be surmised that there is a great wealth of Korean TEK related to rain and trees-understandably, the most important natural resources in Korean traditional societies-within traditional proverbs.
Therefore, based on our literature review of Korean TEK and relevant adaptive management practices, among the various ecological elements that can reveal TEK in Korean traditional proverbs, we deliberately focused on rain and trees. We collected rain-and tree-related proverbs from three volumes of the most comprehensive Korean proverb dictionary [29] . In addition, we included questions related to trees in the quantitative ethnobotanical interviews of student to assess the students' knowledge of local plants in relation to their understanding of TEK, based on previous literature on ecoliteracy [2] .
Qualitative Exploration of Korean TEK and Key Components of Ecoliteracy Embedded in Proverbs
After collecting proverbs related to rain and trees, we thematically classified the collected proverbs using computer-assisted qualitative data analysis software MAXQDA 11 (VERBI Software, Berlin, Germany). We used a directed content analysis approach, from the three representative content analysis approaches: conventional, directed, and summative [30] . The codes we used for our analysis were guided by previous literature on the six groups of TEK [31] and three ecoliteracy components [3, 6, 32] .
The six groups of TEK, as given by Houde [31] , are: (1) factual observations; (2) management systems; (3) past and current uses of the environment; (4) ethics and values; (5) vector for cultural identity; and (6) cosmology. For the credibility of the qualitative classification process, we further developed the criteria for classification of the proverbs. For example, we classified proverbs that deliver knowledge in relation to ecological principles and characteristics into the first group of TEK, i.e., factual observations. Similarly, we used the following classifications for the other groups of TEK: farming practices, seasonal knowledge, and landscape and environmental management for the second group of TEK; the similarity or differences between two time periods in relation to the resources for the third group; ethical and moral issues or teachings in relation to rain and trees for the fourth group; Korean traditional and cultural elements for the fifth group; and people's beliefs and worldviews in relation to rain and trees for the sixth group.
We also further classified the proverbs as per the three key ecoliteracy components suggested by the existing literature on ecoliteracy: (1) scientific understanding of environmental or ecological processes and patterns; (2) grasp of ecological connectivity; and (3) appreciation for the connections between ecological and social systems [3, 6, 32] . In our study, the first ecoliteracy component indicates scientific knowledge of ecological processes and patterns at a relatively small scale such as a tree species or community. The second ecoliteracy component, i.e., the grasp of ecological connectivity, refers to scientific knowledge of ecological processes and patterns at the landscape-level. The third ecoliteracy component indicates an understanding of the tightly coupled human-nature systems and of the feedbacks between the two systems. In our preliminary classification of the proverbs according to these three components of ecoliteracy, we found that it was difficult to identify proverbs directly related to an understanding of social-ecological linkages. Subsequently, to further identify social-ecological and cultural components embedded in the tree-and rain-related proverbs, we conducted a frequency analysis of one or two keywords such as species of trees and animals.
Quantitative Survey
To comprehend the usefulness of proverbs in communicating ecological knowledge, we analyzed the factors that influence the ecoliteracy of urban youth as indicated by their knowledge of Korean TEK-related proverbs. To this end, we surveyed 70 students at Seoul National University for the following: (1) students' frequency of visits to the countryside and to interactions with grandparents, both of which can be avenues of TEK-related knowledge in Korea; (2) students' knowledge of proverbs and the sources of their proverb-related knowledge; and (3) students' knowledge of TEK in resource-related proverbs, particularly their knowledge of local plants and cultural landscape elements, and the meanings of selected proverbs.
First, we provided participants with a set of multiple-choice questions by adapting the list of questions from Pilgrim, Smith and Pretty [2] . The first set of questions were the following: (1) frequency of the student's countryside visits; (2) experiences living in the countryside; (3) time spent by the student with her/his family (including grandparents); (4) household income; (5) educational background; (6) whether the student's academic major was related to ecology or environmental science; and (7) whether the student had taken any ecology-or environment-related classes. This set of questions was aimed at gathering a student's general background and finding relations with possible factors affecting their knowledge of proverbs.
Our survey also included a set of multiple-choice questions regarding the student's knowledge of TEK-proverbs. For this, we asked how many proverbs the student was familiar with and what the primary source of knowledge of proverbs was. However, as each student may have a different notion about "knowing" proverbs, we also included a set of 10 multiple-choice questions as a quantitative ethnobotanical test. Drawing from similarly conducted studies, for the ethnobotanical test we used flashcards with tree species [2, 33] . We first provided 10 tree-related proverbs that belonged to the first group of TEK, based on our first phase of research, as most of the proverbs from the first group were found to contain knowledge in relation to ecological characteristics of tree species. The tree species were carefully selected to reflect the result of our frequency analysis of tree species in proverbs. Then, we showed each student 10 flashcards on the screen and the student was required to match the pictures with the proverbs. Each question was equivalent to 1 score.
Furthermore, we asked questions to assess the students' recognition of Korean traditional village landscape elements that frequently appear in proverbs, and a set of 10 short-answer questions on the meanings of proverbs. The proverbs in the 10 short-answer questions were chosen based on our qualitative categorization of proverbs as per the six groups of TEK (Table 1) .
We used SPSS 22.0 (IBM 2013) to perform nonparametric statistical tests in examining non-normally distributed data, to obtain more conservative results. We used the Mann-Whitney U test to investigate the influences of students' experiences in ecological classes on their knowledge of proverbs. We conducted Spearman's rank correlations to test the associations between students' knowledge of proverbs and the following factors: (1) the frequency of visits to the countryside; (2) time spent by the student with her/his family (including grandparents); (3) household income; and (4) college major. We also performed Spearman's rank correlation to see whether the number of the proverbs each student claims to be familiar with is parallel to the result of the questions on the meanings of TEK-related proverbs. Table 1 . Selection of proverbs for 10 short-answer questions as per six groups of traditional ecological knowledge (TEK).
Proverb Six Groups of TEK
If the pine shoot grows tall, comes a bumper year. Factual observations Pine tree protects the field alone.
Factual observations Straight personality like a bamboo tree.
Factual observations Ginkgoes should stand face to face to bear fruits.
Factual observations Even trees get sick for three years when transplanted to another place.
Management systems When the mountain cries the field smiles, and when the field cries the mountain smiles.
Management systems If a bird on a persimmon tree is unseen, it's late to prepare a rice seed plot.
Management systems If a big shade tree of a village is cut, the village will be devastated.
Ethics and values It is said that after giving birth to a baby girl, one should plant a paulownia tree.
Vector for cultural identity A mountain god will bless you if you save firewood. Cosmology
Results
We found that rain-and tree-related proverbs account for about five percent of the documented Korean proverbs, as we collected 319 rain-related and 166 tree-related proverbs from the approximately 10,000 proverbs listed in the three-volume reference. After collecting, we excluded proverbs that had similar or metaphorical meanings. As a result, we shortlisted 173 rain-and 117 tree-related proverbs that we thematically classified into the six groups of TEK and the three components of ecoliteracy. No proverb was classified in more than one group of TEK.
Korean TEK and Key Components of Ecoliteracy Embedded in Proverbs
Most of the rain-related proverbs (96%) and tree-related ones (77%) belonged to the first group of TEK-i.e., factual observation. As these proverbs were often based on scientific understanding of ecological processes and patterns, this result facilitated the classification of the proverbs as per the three components of ecoliteracy. Some proverbs belonging to the second group of TEK showed both first and second components of ecoliteracy: scientific understanding of ecological processes and patterns, as well as a grasp of ecological connectivity. In addition, the proverbs that were classified as the sixth group of TEK were based on people's understanding of the connection between ecological and social systems. The frequency across the six TEK groups and the three ecoliteracy components is summarized in Tables 2 and 3 . Also, an example of the classification of the proverbs with interpretations of each proverb is shown in Table 4 . More explanations and details of the results are presented in the Discussion section. Table 3 . Frequency of proverbs as per ecoliteracy components.
Three Ecoliteracy Components Frequency of Rain-Related Proverbs Frequency of Tree-Related Proverbs
Scientific understanding of environmental or ecological processes and patterns 61% 65%
Grasp of ecological connectivity 24% 8% Appreciation for the connections between ecological and social systems 14% 17%
(Proverbs with no specific ecoliteracy components.) 1% 10% Factual observations
If there are many trees on the island, there are many fishes.
The existence of many trees provides a good habitat for fishes. In Korea, there are a number of groves for fish breeding as a type of traditional adaptive management.
Scientific understanding of environmental or ecological patterns and processes
If the pine shoot grows tall, comes a bumper year. Tall pine shoots indicate enough spring rain, thus a good agricultural harvest is expected.
Trees don't benefit from big trees (while people benefit from big people).
Big trees require more nutrients and tend to block the sunlight from small trees.
If clouds strangle a mountain's neck, it will rain soon.
Clouds (or fogs) hanging around the middle of a mountain indicate that the area is under low atmospheric pressure, thus rain is expected.
Management systems
Even trees get sick for three years when transplanted to another place.
It takes a time for even a tree to settle in a new environment, particularly for its root system.
The ground dries when Chubun has passed. After Chubun, the weather starts to improve and become drier.
When the mountain cries the field smiles, and when the field cries the mountain smiles.
When rainfall is high, it can lead to a small landslide or great runoff, which can bring rich nutrients for the plants in the fields. Ecological connectivity
Past and current uses of the environment None
Ethics and values When cutting one tree, plant ten trees.
One should think about the sustainability of forests, when cutting trees.
An appreciation for the connection between ecological and social systems.
Vector for cultural identity
Peach tree bats for the ghosts.
Peach is often considered mysterious and numinous, and peach trees are believed to have the power to expel ghosts. For this reason, peach trees are not planted in a common household.
Housewives first sense the rain.
It is women who first notice the conditions for rainfall when they have difficulty lighting a furnace due to the low atmospheric pressure preceding rain.
Housewives become generous when it rains in spring. Spring rain indicates a good agricultural harvest for the year, thus housewives may share grains and crops. Through the keyword analysis of the rain-related proverbs, we found that the prediction of rain is a major theme; these proverbs are often associated with animal behavior and other natural phenomena (Table 5) , or with seasonal knowledge of the farmer's traditional lunisolar calendar used in China and Korea, which comprises 24 seasonal divisions. The proverbs related to animal behavior and rain prediction also indicate the first component of ecoliteracy shown by traditional peoples, i.e., the habit of scientifically understanding environmental patterns. In addition, the rain-related proverbs associated with the 24 seasonal divisions show that much of Korean TEK in resource-related proverbs is closely related with people's seasonal knowledge and adaptive management practices in different weather conditions, as shown in Table 6 . For the purpose of credibility, the interpretations of each proverb are also provided based on a local reference to 24 seasonal divisions [34] . Table 5 . Rain-related proverbs associated with animal behavior and natural phenomena.
Theme Proverb
Animal behavior
It will rain if ants move in a line. It will rain if ants cross a road. It will rain if green frogs sing. It will rain if swallows fly near the ground.
It will rain if seagulls fly low. It will rain if a group of spiders passes by during a drought. It will stop raining when spiders start spinning their webs.
It will rain if cats get worked up. It will rain if bells sound clear.
Natural phenomena
It will rain if there are bubbles in ponds, lakes, and streams. It will rain soon if wind blows from the south. It will rain if there is a ring around the sun and the moon. It will rain if smoke does not go outside (and stays inside the house).
It will rain heavily if there is thunder in the morning. Table 6 . Selected rain-related proverbs associated with traditional seasonal knowledge.
Four Seasons Seasonal Division Proverb Meaning
Spring Ipchun, Start of spring (either February 3rd or 4th in lunar calendar)
The stick buried in Ipchun snows.
It may still snow much at the beginning of spring.
Usu, Rain water (either February 18th or 19th in lunar calendar)
Heavy Usu rains bring a plentiful harvest.
High rainfall which thaws the ground on Usu will guarantee a good planting season.
Chunbun, Vernal equinox (either March 20th or 21st in lunar calendar)
West wind on Chunbun will bring a bad barley harvest.
The west wind in mid to late March means that a drought will occur and ruin the barley harvest.
Cheong-myeong, Clear and bright (either April 4th or 5th in lunar calendar)
South wind on Cheong-myeong brings a good harvest.
The south wind with rain around April 5th means plentiful water and a good planting season.
Gok-u, Grain rain (either April 20th or 21st in lunar calendar)
A wet Gok-u makes a plentiful harvest, and a dry one brings a bad harvest.
The sixth seasonal division of 24, Gok-u falls around April 20th. A good harvest requires good rains around Gok-u.
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When indigenous rice was planted, trapping water in paddies around Ipha meant the water would be trapped for too long, resulting in a loss of nutrients.
Mangjong,
The barley harvest season (either June 5th or 6th in lunar calendar)
Mangjong droughts are like your debt collectors.
Mangjong falls around June 6th. The proverb means this time of year is always dry.
Haji, Summer solstice (either June 21st or 22nd in lunar calendar)
After Haji, clouds are a suggestion of rain.
Every cloud formed in the rainy season drops rain.
Wet feet after Haji.
After Haji, in the rainy season, farmers are busy managing the water from the rains.
Soseo,
Minor heat (either July 6th or 7th lunar calendar)
Check the Soseo rains before planting the Cheonbong-jigi paddies.
Cheonbong-jigi paddies are rice paddies that solely rely on rainwater. This means that although only water from the rainy season around Soseo is available for rice planting, it is still better than planting other grains.
Ipchu, Start of fall (either August 7th or 8th in lunar calendar)
Rainfall on Ipchu is essential for a good vegetable harvest.
Ipchu is the time when fall season vegetable seeds are sown. Adequate rainfall makes for a good vegetable harvest.
Little Ipchu rain brings a good harvest, whereas heavy rains harm the rice.
Rice grows rapidly around Ipchu; adequate rainfall during this period helps the crop, but too much is harmful.
Cheoseo, Subsidence of heat (either August 22nd or 23rd in lunar calendar)
Cheoseo rains mean less grain in the pot.
Rains in late August, when Cheoseo falls, make the rice flowers wilt and greatly reduce the harvest.
Baekro, White dew (either September 7th or 8th in lunar calendar)
The summer rains leave with Baekro.
The rains stop by Baekro, in early September.
Baekro rains mean a bad harvest.
On Baekro, in early September, grains need good sunlight for a good harvest. Rains on Baekro therefore mean a poor harvest.
Chubun, Autumnal equinox (either September 22nd or 23rd in lunar calendar)
The ground dries when Chubun has passed.
After Chubun, the weather starts to improve and becomes drier. Through the keyword analysis of the tree-related proverbs, we found that the Korean red pine (Pinus densiflora) is the most frequently mentioned tree (Table 7) . This finding is similar to that reported by Korea's National Institute of Forest Science in their frequency analysis of tree species in Korean forest-related legends with the frequency of Korean red pine being 37.1% (Table 7) [35].
In addition, in the attempt to further find social-ecological linkages in the proverbs, we found that several proverbs contain the phrase "a shade tree," which is an important cultural landscape element in traditional Korean villages. Examples are: (1) "Ants distract a shade tree," (2) "Like a big ant shaking a shade tree," and (3) "With deep love, a husband and a wife will sleep under a shade tree if they have no house, will beg for rice if they have no rice, and will eat with their hands if they have no spoon." 
Results of the Survey
Among the surveyed students, 94% were urban citizens and had an interest in taking sustainability courses. The analysis of the survey data showed that the students who had taken ecological classes performed better in response to the questions on the meaning of proverbs, than those students who had not taken ecological classes (Mann-Whitney U-test, U = 431, p < 0.05). Also, those students who had spent more time with their grandparents tended to know more proverbs (Spearman's rho = 0.308, p < 0.05). We found that there was no correlation between the time spent with grandparents and the experiences in taking ecological classes (p > 0.05). Other factors, such as frequency of visits to the countryside, household income, and college major, were not significantly correlated with the students' knowledge of proverbs (p > 0.05). Most students indicated their primary source of knowledge of proverbs as books (not related to students' educational curricula) (37%), followed by formal educational curricula (31%), family and relatives (20%), television programs (9%), and personal hobbies (3%) (Figure 1 ). In addition, we asked the students whether they were aware of some traditional landscape elements such as traditional village groves and village ponds; less than 21% responded that they had only heard of them in their ecology and/or environmental classes.
In terms of the number of the proverbs known, 32% of the students answered that they were familiar with more than 30 proverbs, 26% of the students with more than 20 proverbs, 13% of the students with more than 40 proverbs, 13% of the students with more than 10 proverbs, 10% of the students with less than 10 proverbs, and the rest of the students (8%) said that they were familiar with more than 50 proverbs. We found that the students who claimed to be familiar with a higher number of proverbs tended to provide right answers for the questions related to embedded meanings of the resource-related proverbs (Spearman's rho = 0.345, p < 0.01). The results of the ethnobotanical interview indicated that students are most familiar with three tree species: Korean red pine (78.57%), bamboo (75.51%), and gingko (57.14%). Also, the results of short-answer questions indicated that students tended to provide most correct answers for questions related with worldviews (92.86%) and with ethics and values (67.14%), and the least correct answers for questions related with ecological factual observations (28.57%) and with management systems (32.86%). In terms of the number of the proverbs known, 32% of the students answered that they were familiar with more than 30 proverbs, 26% of the students with more than 20 proverbs, 13% of the students with more than 40 proverbs, 13% of the students with more than 10 proverbs, 10% of the students with less than 10 proverbs, and the rest of the students (8%) said that they were familiar with more than 50 proverbs. We found that the students who claimed to be familiar with a higher number of proverbs tended to provide right answers for the questions related to embedded meanings of the resource-related proverbs (Spearman's rho = 0.345, p < 0.01). The results of the ethnobotanical interview indicated that students are most familiar with three tree species: Korean red pine (78.57%), bamboo (75.51%), and gingko (57.14%). Also, the results of short-answer questions indicated that students tended to provide most correct answers for questions related with worldviews (92.86%) and with ethics and values (67.14%), and the least correct answers for questions related with ecological factual observations (28.57%) and with management systems (32.86%).
Discussion
In this study, multiple methods were used to explore ecological knowledge and wisdom embedded in traditional proverbs, as well as factors in relation to current students' knowledge of proverbs to discuss the usefulness of proverbs for enhancing ecoliteracy. In this section, further implications of the major findings and limitations of our approach are discussed.
TEK-Related Contents and Key Components of Ecoliteracy Found in Korean Proverbs
Our qualitative examination of embedded TEK and ecoliteracy components in Korean proverbs shows that the first and second groups of TEK, i.e., factual observations and management systems, are closely related with the first components of ecoliteracy, i.e., scientific understanding of environmental and ecological patterns and processes. Similarly, the sixth group of the TEK, i.e., cosmology, is related with the third component of ecoliteracy, i.e., an appreciation of the linkages between ecological and social systems. This implies that the Korean TEK reflected in the resource-related proverbs shows the comprehensive characteristics of TEK, in that it is a complex of knowledge, practices, and beliefs [14] . In this regard, studies on ecoliteracy also state that the ultimate purpose of ecoliteracy is to influence persons to have integrated abilities of head, heart, hands, and spirit within their social-ecological environments [5, 36] . Our study shows that traditional proverbs may be used as a means to deliver and develop such integrated aspects of ecoliteracy. 
Discussion
TEK-Related Contents and Key Components of Ecoliteracy Found in Korean Proverbs
Our qualitative examination of embedded TEK and ecoliteracy components in Korean proverbs shows that the first and second groups of TEK, i.e., factual observations and management systems, are closely related with the first components of ecoliteracy, i.e., scientific understanding of environmental and ecological patterns and processes. Similarly, the sixth group of the TEK, i.e., cosmology, is related with the third component of ecoliteracy, i.e., an appreciation of the linkages between ecological and social systems. This implies that the Korean TEK reflected in the resource-related proverbs shows the comprehensive characteristics of TEK, in that it is a complex of knowledge, practices, and beliefs [14] . In this regard, studies on ecoliteracy also state that the ultimate purpose of ecoliteracy is to influence persons to have integrated abilities of head, heart, hands, and spirit within their social-ecological environments [5, 36] . Our study shows that traditional proverbs may be used as a means to deliver and develop such integrated aspects of ecoliteracy.
Both rain-and tree-related proverbs provide knowledge that can help in developing a conceptual framework of the agro-climatic conditions in Korea. In addition, we observed a higher frequency for rain-related proverbs than tree-related ones, and most rain-related proverbs indicate peoples' close observations of rain conditions in critical agricultural periods. This suggests that water was more likely a limiting factor for sustenance than wood in Korean traditional societies. Spring precipitation in Korea accounts for less than 20% of the total annual precipitation [26] ; a spring drought can lead to precarious conditions for farmers, thus leading to a greater need for the Korean traditional people to closely observe and culturally encapsulate seasonal knowledge of ecological conditions related to spring rain in their proverbs. Such seasonal knowledge involves knowledge of the weather, seasonal cycles of living organisms, and the linkages with traditional culture and land uses, which has great potential to contribute to the current knowledge of natural resource management [37] .
Korean traditional proverbs can be useful in cultivating one or more components of ecoliteracy in the Korean cultural and natural resource conditions. For example, "It will rain if ants cross a road" and "It will rain if green frogs sing" are traditional proverbs indicating Korean peoples' astute observations of natural phenomena and resource conditions-in this case, the availability of water. Another proverb, "Housewives first sense the rain," means that it is women who first notice the conditions for rainfall when they have difficulty lighting a furnace owing to the low atmospheric pressure preceding rain. Through these kinds of proverbs, it is possible to engage public citizens in describing, explaining, and predicting natural phenomena in Korea's particular cultural settings, which can inculcate scientific habits in relation to comprehending environmental issues of a given social-ecological system.
Several proverbs reveal deep notions of ecological connectivity, and of the interrelationship between ecological and social systems. "When the mountain cries the field smiles, and when the field cries the mountain smiles" is a proverb that indicates the typical topography and the interaction of landscape components of a traditional Korean village-i.e., situated within a watershed to secure access to water. Korean people traditionally built their villages according to the East Asian geomantic configuration of "back-mountain-front-water" (bae-san-im-su) because such topography would allow the residents to collect water easily [26] . In this configuration, a mountain protects the village from cold winter winds and harvests the humidity from the spring and summer winds; the village residences are settled on the gentle slope facing the mountain; the cultivated fields are in flatter land in the front of the residences; and, often, a river or stream flows in front of the fields. The mountain also serves as a natural forest refuge and as a source of spring or flowing water used for daily living. This proverb illustrates the contrasting effect of rainfall in such a landscape-when the rainfall is high, it may lead to a small landslide or great runoff, which can bring rich nutrients for the plants in the fields. This kind of proverb not only expresses ecological connectivity, but also provides culturally embedded ecological wisdom on desirable village landscape configuration. In addition, effective rainwater harvesting was important for social-ecological resilience, given the dry Korean spring season when seeding and transplanting are done, and the sometimes excessive monsoon rainfall [26, 36, 38] .
Proverbs that mention "a shade tree" also relate to Korea's traditional ecological-cultural landscape. The shade tree can imply a village grove or forest. Village groves were planted, based on East Asian geomantic principles, to complement the village landscape [28] and served as a commons for social interaction and conducting spiritual rites, along with the village well or pond. Spiritual rites observed once or twice a year as part of village grove culture were an important part of the community identity. Village groves and their associated culture are now disappearing in South Korea because of urbanization. A number of vestigial village groves have been marked for restoration by Korean national and local governments, and have been used as places for community learning [22] .
With regard to the frequency analysis for tree species in tree-related proverbs, it was found that Pinus densiflora is the most frequently mentioned species. P. densiflora is widely cultivated on the Korean Peninsula and has spiritual and cultural significance in Korean society; it represents fidelity and is mentioned in the South Korean national anthem. Thus, it is not surprising that P. densiflora is the most frequently mentioned species in Korean folklore [35] . While the frequency analysis shows that traditional proverbs may provide insights into social-ecological relationships, it also presents an irony regarding the weakening of traditional cultures and TEK with the process of urbanization.
In traditional Korean society, as recent as the Joseon Dynasty, forests were communally managed by a community-based, self-governing, organization called songgye [39] . As the songgye and its related TEK are disappearing due to urbanization and privatization of lands, modern Korean landscaping practices have begun to unduly favor P. densiflora. Urban landscapers now eagerly plant P. densiflora in most residential complexes by transporting adult trees from rural and mountainous areas (Figure 2) .
The traditional proverb, "Even trees get sick for three years when transplanted to another place," illustrates ecological wisdom cautioning people on inappropriate ecological management practices. There is a distinction between knowing proverbs and correctly applying them, and this difference has been of great interest in folklore and anthropological studies [40] . The ultimate goal of using proverbs to enhance ecoliteracy should be to apply the TEK imminent in the proverbs to reach to ecologically and socially beneficial decisions; this, indeed, relies on the effective continuation and comprehension of TEK indicated in the proverbs.
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Potential Use of TEK Proverbs for Enhancing Ecoliteracy
Previous literature on ecoliteracy claims that experiences of rural or countryside living, and acquiring knowledge from senior family members and community members are important factors of ecoliteracy [2] . Our survey results also show that spending time with grandparents may relate to a richer knowledge of proverbs. However, the survey results indicate that the university students acquire more of their knowledge of TEK-related proverbs from books and school than from their families, and time spent in the countryside is not a significant factor, indicating the growing importance of formal educational settings in TEK learning.
Grandparents can play an important role in transmitting cultural knowledge that benefits adolescents in their psychosocial development [41] . Recent studies have shown that youth with a good relationship with their grandparents tend to do better in school and have higher grades [42] . In family relation studies, it is known that spending time with grandparents can improve the individual's cognitive development [43] . Therefore, although the time spent with grandparents may not be the primary factor, in the case of the surveyed university students, for the learning of Korean TEK-related proverbs, it may indeed influence a student's ability to recognize and understand the proverbs mentioned in books or in formal educational curricula. 
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As nuclear families are increasingly becoming the norm in Korea-that is, Korean youth have fewer opportunities to live or interact with their grandparents-it is difficult to expect that TEK will primarily be transmitted orally over generations in urban environments without active intervention by ecologists and other educational specialists. In addition, in urban environments in industrialized countries such as South Korea, there is growing emphasis on instructional learning in groups of similar ages, rather than on participative and inquiry driven co-creative learning involving members of different generations as in traditional societies. We found that taking ecology-or environment-related classes influences the students' knowledge of proverbs. Thus, it can be purposeful to incorporate the study of traditional proverbs and their social-ecological meanings in the formal educational curricula.
Some proverbs, particularly those classified as the fourth and sixth groups of TEK, relate to matters of morality and cosmology that are based on an understanding of essential social-ecological linkages within the context of human dependence on natural resources. Successful conservation of indigenous or local social-ecological systems is often a result of people's TEK that guides them with spiritual connection to their local environments [44] . Interestingly, our survey results show that students tend to perform better for understanding the meanings of proverbs in relation to TEK-based ethics, values, and worldviews. Thus, proverbs are useful not only in delivering factual ecological knowledge and wisdom but also in transmitting morality based on TEK-based values and cosmology. Furthermore, in our survey, we asked the students whether they were aware of traditional village groves; about one fifth of the students responded that they had heard of them. As village groves are essential components of the traditional landscape management system in Korea and provide several social and ecological functions, it is important to make people aware of the significance of village groves to conserve them. Proverbs and related folklore can be purposeful means of communicating the ecological and cultural significance of traditional landscape elements to citizens.
There is a growing recognition in South Korea of the importance of field-based learning for students. The government is exploring the formalization of a compulsory free-curriculum semester of field-based learning for middle school students in alternative learning environments including rural learning centers [45] . As public schools are exploring field-based environmental education programs for their students to spend their free-curriculum semester, ecologists and environmental educationists can avail this opportunity to incorporate the learning of TEK related proverbs and field-based observations of traditional ecological management practices within integrated learning models for enhancing the ecoliteracy of students.
Classroom learning needs to be complemented with field-based observations and experiences within traditional cultural and ecological landscapes, to help students comprehend the provenance of the TEK encapsulated in proverbs, such as by recognizing the connectivity and functional properties of social-ecological systems described in the proverbs, and ultimately appreciating the continuity of TEK. Most of the information within Korean TEK-related proverbs pertains to ecological environments that exist, and can be experienced, in rural Korean landscapes. For example, maeulsoop and bibosoop (traditional village groves) are elements of traditional Korean landscapes, where learners can observe and understand important ecosystems-related information such as social-ecological resilience, ecological limits, and community based natural resources management for enhancing local biodiversity and favorable microclimatic conditions. These traditional landscape elements are referred to in proverbs, but are rarely visible in Korean urban landscapes. Guided and purposeful field-based learning can thus adequately complement proverb-based learning [46] . Furthermore, because TEK related proverbs present factual observations, it is also relevant that learning models for enhancing ecoliteracy integrate components of socially participative or co-creative learning, such as learning through interaction with old people in rural areas where intergenerational knowledge gained from observations of ecosystems, and their transmission of this knowledge through proverbs, can be experienced first-hand. In addition, senior rural community members, who serve as living repositories of such TEK-related folklore, proverbs, and wisdom, can be involved in developing and implementing integrated learning programs for enhancing ecoliteracy among youth.
Limitations of the Study
Although our study provides some important implications for sustainability education, by considering TEK and folklore as part of integrated learning approaches for enhancing ecoliteracy, our scope is limited in that we focus on only two, albeit socio-ecologically predominant, natural resources: rain (water) and trees. It is possible that an analysis of other Korean traditional proverbs may deliver either different or more comprehensive aspects of TEK and ecoliteracy components.
It is seen that students find most of their knowledge of proverbs through books and formal educational curricula; this represents one of the dimensions of learning, namely the theoretical. It is necessary to further examine the efficacy of proverbs-related learning within integrated approaches for environmental learning that complement the comprehension of TEK with field-based observational and experiential learning of social and ecological systems. Such multidimensional learning approaches will allow learners to cultivate a holistic understanding of the social-cultural aspects, non-linear dynamics and uncertainties within the earth system [47, 48] . Lastly, the sources of proverbs and factors in relation to ecoliteracy may vary depending on different groups of students.
Conclusions
This study contributes two important aspects for sustainability learning: (1) it sheds light on TEK and ecoliteracy components embedded in traditional proverbs; and (2) explores the usefulness of traditional TEK related proverbs as a means of inculcating ecoliteracy in citizens.
It is worthwhile to comprehend alternative worldviews to reflect on today's mainstream paradigm of sustainability [31] . Given that traditional societies placed more emphasis on conserving rather than commodifying the limited natural resources that they depended on, it would be significant for modern societies to comprehend critically the social-ecological worldview of traditional societies. Meanwhile, much effort needs to be put into revitalizing and maintaining the wisdom of TEK. A few traditional communities have shown resilience to modern pressures to their livelihoods, by managing tight feedback relationships with their ecosystems and successfully passing on TEK [49, 50] , whereas most of the communities have been unable to withstand the transformative pressures of urbanization and industrialization [50] . Consequently, the number of ecologically literate members, who can identify the names, uses, and related stories of living organisms in their local ecosystems, has been decreasing [2] .
In enhancing public ecoliteracy, ecologists must not only revisit their roles as integral actors within social-ecological networks [10] , but also adopt tools that aid in reaching larger sections of society. By using proverbs, ecologists can better communicate with common folk about ecology and engage more broadly with non-scientists [4] . The analysis of Korean traditional proverbs shows that they can be meaningful for communicating ecological principles and natural resource management practices. Similarly, with systematic efforts, knowledge of proverbs within given social-ecological contexts can be transmitted though both the written and traditionally oral mediums to reach the youth, who are the future decision makers for sustainability. Therefore, environmental educators can use proverbs or folklore sources as a bridge for unifying traditional ecological wisdom and cultural expressions with modern scientific and systems-based learning of sustainability.
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